The present work deals with, the potential of biosorption technique for the removal of chromium from aqueous solutions using marine based material viz. Gracilaria corticata powder. The experiments are carried out in a batch operation to understand the equilibrium studies, kinetics and thermodynamics of the biosorption. The maximum removal efficiency of 93.68% was obtained at a temperature of 323 K, pH 4, equilibrium time of 240 min and at an optimum biosorption dosage of 20 g/L of 44 µm particle size. The percentage biosorption increases with an increase in initial concentration of chromium. The statistical analysis of biosorption using Response Surface Methodology (RSM) was studied. The theoretical and experimental values for % biosorption of chromium were observed as 85.39% and 85.49% respectively. It is evident that experimental values of % biosorption are in close agreement with that values predicted by Central Composite Design. The experimental data are well described by Freundlich, Langmuir and Redlich isotherm models. The biosorption data follows pseudo second order kinetics. Thermodynamic results showed that biosorption is endothermic, irreversible and feasible.
Introduction
Contamination of aquatic environment by heavy metal ions is a worldwide environmental problem. Discharge of heavy metals in to the oceans, seas and rivers by many industries like leather tanning, textile dyeing, electroplating and metal finishing industries is continuous process by manmade activities. Chromium and its compounds are toxic metals introduced into natural water from a variety of industrial wastes leads to aquatic life threat. Chromium exists in two oxidation states: trivalent chromium Cr(III) and hexavalent chromium Cr(VI). The hexavalent chromium is 500 times more toxic than the trivalent chromium [1] . It causes many health problems for both aquatic animals and human beings. There are many conventional methods for minimizing heavy metals from industrial effluents like reverse osmosis, filtration, ion exchange, chemical precipitation, electro deposition, membrane systems and adsorption. Most of these methods suffer from drawbacks such as high capital and operational costs or the disposal of the residual metal sludge.
Biosorption is one of the conventional methods which can be performed at low cost using the natural biosorbents. From the literature, it is evident that many works are carried out using activated carbon for the removal of chromium from aqueous solution, but the activated carbon is economically not feasible. Hence the use of adsorbents which can be obtained naturally at low cost yields good results. Some of them are like: 20.92 mg/g maximum metal capacity was obtained by using powdered cotton stalk [3] ; maximum metal uptake capacities of 0.77 mmol/g for M. pyrifera and 0.74 mmol/g for U. pinnatifida was observed [4] ; 9.09 mg/g, 9.71 mg/g, 6.45 mg/g, 26.32 mg/g are the maximum metal uptake capacities obtained from various dried sea weeds i.e. Laminaria japonica, Undaria pinnatifida, Porphyra haitanensis, Gracilaria lemaneiformis respectively [5] ; maximum metal uptake capacity of 14.54 mg/g was obtained by using Bacillus subtilis biomass [6] ; similar results were also obtained by Pleurotus ostreatus [7] , Streptomyces VITSVK9 spp. [8] , Neem leaf powder [9] , Sargassum sp. Biomass [10] .
The present research work deals with the removal of chromium (VI) ions, which is a highly toxic metal from the aqueous solution using Gracilaria corticata (Red Algae).
The characterization, the presence of functional groups and their structures were studied by X-Ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscope (SEM) analysis. It also deals with the biosorption studies, kinetics and thermodynamic process of the process. The theoretical studies using Response Surface Methodology (RSM) were also studied and the results are compared with experimental values.
Materials and Methods

Preparation of Biosorbent
Fresh samples of Gracilaria corticata, a species of the red algae were collected from Jodugullapalem beach in Visakhapatnam, Andhra Pradesh. The red algae were washed thoroughly with distilled water to remove sand and dirt completely. The cleaned red algae were dried in sunlight, until the moisture was completely removed. The dried biomass was ground to powder by using a mechanical grinder. The grounded powder was then sieved and 44 µm size algae powder was used in the present study, and was separated using BSS sieves. The powder was then stored in air tight glass container at room temperature and used as biosorbent for subsequent analysis.
Gracilaria corticata (Red Algae)
Preparation of Chromium Stock Solution
Potassium dichromate (K 2 Cr 2 O 7 ) is used as the source of chromium stock solution. All the required solutions are prepared with double-distilled water. 2.828 g of 99.9% K 2 Cr 2 O 7 is dissolved in 1 L of distilled water to prepare 1000 mg/L of Chromium stock solution. Samples of different concentrations of Chromium are prepared from this stock solution by appropriate dilutions. 50 mg/L of chromium solution is prepared by proper dilutions of 50 mL of 1000 mg/L Chromium stock solution is taken in a 1000 mL volumetric flask and is made up to the mark with distilled water. The pH of the aqueous solution is varied by adding required amounts of 0.1 NHCL and 0.1 N NaOH. Molecular weight of K Cr O 100 Chromium equivalent to 1000 mg L = Atomic weight of Cr purity × ×
Characterization of Biosorbents
FTIR Studies
The biosorbent characterization was done using spectrum GX (Perkin Elmer, USA) spectrophotometer from 400 -4000 cm −1 with a resolution of 1/cm using four scans with back ground subtraction. The peaks were noted from the spectra by comparing it with literature reported spectra.
X-Ray Diffraction Analysis (XRD)
The XRD of biosorbent samples were obtained in X-Ray Diffractometer (Model: 2036E201; Rigaku, Ultima IV, Japan). The diffracted X-ray intensities were noted as a function of 2θ by using copper target (Cu-Kα radiation with λ = 1.5492 A) at a scan speed of 2˚/min. XRD patterns were recorded from 10˚ to 80˚. Different phases of the samples were identified by comparing with a set of "d" values and the corresponding intensities were identified from JCPD (Joint Committee on Powder Diffraction data) files.
Scanning Electron Microscope (SEM) Studies
The pretreated biosorbent samples were examined in Scanning Electron Microscope, JEOL, JSM-6610, JAPAN and electron probe micro analyzer. The working height was 15 mm with a voltage ranging from 10 to 40 kV. The compositional image analyses of samples were also taken using same equipment at 20 kV and 30 -100 mA beam current.
Biosorption Studies
The procedures adopted to evaluate the effects of various parameters viz. agitation time (t), biosorbent size (d p ), biosorbent dosage (w), pH of aqueous solution, initial concentration of metal in aqueous solution (C 0 ) and temperature of aqueous solution on biosorption of metal (chromium) were explained below. 
Effect of Agitation Time
Effect of Biosorbent Size
10 g/L of 44 μm biosorbent size was taken in a 250 mL conical flask. 50 mL of aqueous solution was added to the flask and the sample was agitated in an orbital shaker for equilibrium agitation time. The mixture was settled, filtered and filtrate was analyzed in AAS to obtain the final concentration of chromium. 
Effect of Biosorbent Dosage
Effect of pH of Aqueous Solution
The effect of pH on the biosorption of chromium was determined over a pH range of 1 to 10. The pH of the solutions are adjusted by adding required amounts of 0.1 N HCl or 0.1 N NaOH. 50 mL of aqueous solution was taken in each of ten conical flasks. The pH values of aqueous solutions were adjusted to 1, 2, 3, 4, 5, 6, 7, 8, 9 & 10 in separate 250 mL conical flasks. 20 g/L of 44 μm size biosorbent was added to each of the conical flasks. The flasks were incubated in shaker at a speed of 160 rpm at 30˚C for optimum agitation time. The sample was allowed to settle, are filtered and analyzed in AAS to obtain final concentration of chromium.
Effect of Initial Concentration of Chromium in Aqueous Solution
The effect of initial concentration on biosorption of chromium was determined as follows: 50 mL of aqueous solutions, each of different chromium concentrations of 5, 10, 20, 30, 40, 50, 75, 100, 125 and 150 mg/L were taken in ten 250 mL conical flasks. 20 g/L of 44 μm size biosorbent was added to each of the conical flasks. The flasks were agitated on an orbital shaker for equilibrium agitation time at room temperature. The samples were allowed to settle and then filtered separately. The samples thus obtained were analyzed in AAS for the final concentrations of chromium in aqueous solutions.
Effect of Temperature
The influence of temperature on biosorption of chromium was determined by keeping biosorbent dosage, pH, and initial chromium ion concentration at optimum values, 50 mL of aqueous solution is taken in a 250 mL flask at different temperatures. The flasks were agitated on an orbital shaker for an equilibrium agitation time. The samples were filtered by Whatman filter paper and analyzed in AAS to obtain final concentration of metal.
Experimental Design for Biosorption Studies
Once the parameters(pH, C 0 , w and T) having the greatest influence on the responses were identified, the relationship between the parameters and response were determined using central composite design (CCD) under RSM of STATISTICA 6.0 (Stat-Ease Inc., Tulsa, OK, USA) a statistical software package. The CCD design is chosen in this study as it is efficient, flexible and robust. The CCD consists of a complete 2 n factorial design, where n is the number of test parameters, n 0 center points (n 0 ≥ 1) and two axial points on the axis of each design parameter at a distance of 2 n/4 from the design center. Hence, the total number of design points is N = 2 n + 2n + n 0 . Basically the optimization process involves three major steps: 1) performing the statistically designed experiments, 2) estimating the coefficients in a mathematical model, and 3) predicting the response and checking the adequacy of the model. For statistical calculations the parameters X i are coded as x i according to Equation (1):
where i
x is dimensionless value of an independent parameter, X i is the real value of an independent parameter, i x the is real value of the independent parameter at the center point and i
Δx is the step change.
An empirical model was developed to correlate the response to the adsorption process and is based on second-order quadratic model to estimate the response of the dependent parameter: 
where Y is predicted response, X 1 , X 2 , X 3 , X 4 In the present study, the % biosorption of chromium was optimized with four independent parameters (pH, C 0 , w and T). The relationship between the parameters and response (% biosorption of chromium) were determined using CCD under RSM of STATISTICA 6.0. Thirty experiments were conducted with eight axial points (α = 4 ) and six replications at the center points (n o = 6) according to CCD. Samples taken after the desired incubation period were analyzed using AAS. The regression analyses, graphical analyses and analyses of variance (ANOVA) were done using the STATISTICA-6.0. The statistical significance of the coefficient was determined by student's t-test and p-values. The proportion of variance obtained by the model was explained by the multiple coefficient of determination.
Kinetics Studies
50 mL of aqueous solution containing 10 mg/L of chromium was taken in each of twelve conical flasks. 10 g/L of biosorbent having 44 μm size was added in each of the flasks. 74 The conical flasks were shaken on an orbital shaker for different time intervals 1, 5, 10, 20, 30, 40, 50, 60, 70, 12740, 180, 240 and 300 min. They were then settled, filtered separately and the filtrates were analyzed in AAS to identify the final concentrations of chromium. From these data, order of biosorption was determined.
Studies on Isotherms
In order to determine the isotherms, 50 mL of known amount of chromium ion concentration is taken in 250 mL conical flask and to this known amount of biosorbent is added and kept for shaking at 30˚C at a speed of 160 rpm for optimum time. They are then settled, filtered and the filtrates are analyzed for the final concentrations of metal. The experiment is repeated for different metal ion concentration.
Thermodynamic Studies
The effect of temperature on the biosorption rate was obtained by the following procedure: 50 mL of aqueous solution (C o = 20 mg/L) was taken in each of five conical flasks. 20 g/L of 44 μm size biosorbent was added in each of these flasks. The conical flasks were shaken in an orbital shaker for five different temperatures (283, 293, 303, 313 and 323 K). These samples were settled and filtered separately. The final chromium concentrations of the filtrates were determined using AAS. From these data, the enthalpy change of adsorption (∆H), entropy change of adsorption (∆S) and Gibbs free energy change (∆G) were evaluated.
The experimental conditions for biosorption of chromium onto Gracilaria corticata powder are given in Table 1 . 
. Effect of Agitation Time
The effect of agitation time for the biosorption of chromium on Gracilaria corticatapowder was shown in Figure 1 . The data obtained from the chromium biosorption showed that a contact time of 240 min to achieve an optimum biosorption and there was no significant change in concentration of the chromium ion with further increase in contact time [11] . The percentage biosorption of chromium attained at 240 min was 70.97%. As shown in Figure 1 , the biosorption process took place in two stages. The first stage was rapid, where about 60% was completed within first 50 min. The second stage represented a slower progressive adsorption. The rapid initial biosorption may be attributed to the accumulation of metals on to the surface of biosorbent, due to its large surface area. With the progressive occupation of these sites, process became slower in the second stage.
Effect of Biosorbent Size
The percentage biosorption of chromium is increased from 70.09% (1.7522 mg/g) to 75.59% (1.8897 mg/g) as the biosorbent size decreases from 104 to 44 μm with an increase in biosorbent dosage from 10 g/L to 25 g/L, at 303 K for 50 mg/L of chromium initial concentration. (Figure 2 ) With an increase in biosorbent sizes, surface area of the biosorbent increases, thereby the number of active sites available on the biosorbent is better exposed to the biosorbate. Similar results were noticed by other researchers [12] .
Effect of Biosorbent Dosage
Biosorbent dose had a very profound effect on Cr (VI) removal. Biosorption experiments were carried out at varying biosorbent dosages (0.5 -2.5 gm/50ml). The percentage removal of chromium is drawn against biosorbent dosage for 44 µm in Figure 3 . The biosorption of chromium increases from 70.97% to 75.93%, with an increase in biosorbent dosage from 10 to 30 g/L [11] [13] . The phenomenon of increase in percentage removal of Cr (VI) with increase in biosorbent dose up to certain level and beyond that more or less constant removal can be observed as with increase in biosorbent dose, more and more binding sites become available for complexation of Cr (VI) ions and this increased the rate of adsorption. However very slow increase in removal beyond an optimum dose may be attributed to attainment of equilibrium between biosorbate and biosorbent at the existing operating conditions [13] . Higher biosorbent dose cause screening effect of dense outer layer of cells, blocking the binding sites from metal ions, was resulting in lower metal removal per unit biosorbent [14] .
Effect of pH
The biosorption of cations and anions on biosorbent totally depends upon pH of aqueous solution. The effect of pH on percentage biosorption was investigated and shown in Figure 4 . It reveals that percentage biosorption increased from 69.12% to 76.14% as pH is increased from 1 to 4 and then decreased beyond pH value of 4 reaching 61.4% for pH value of 10. The increased biosorption with pH may be due to more of negatively charged groups in biomass surface capable of binding positively charged metal ions. Decrease in biosorption at higher pH (pH > 4) may be due to the formation of soluble hydroxylated complexes of the metal ions and their competition with the active sites, and as a consequence, the retention would decrease [8] . Figure 5 shows the effect of initial concentration of chromium in aqueous solution on the percentage biosorption of chromium. The percentage biosorption of chromium decreased from 89.37% to 56.23% as the initial chromium concentration increased from 5 to 150 mg/L. The decrease in percentage biosorption may be attributed due to lack of sufficient surface area to accumulate much more metal available in the solution [15] [16]. The chromium uptake increased from 0.2234 to 4.2172 mg/g, as the initial chromium concentration increased from 5 to 150 mg/L.
Effect of Initial Chromium Concentration
Effect of Temperature
The effect of temperature on biosorption of chromium was studied from 283 to 323 K and was depicted in Figure 6 . The results show that for the initial concentration of (C 0 ) 20 mg/L, the % biosorption increased from 79.31% to 91.44% as temperature increased from 283 to 323 K [17] .
Optimization Using Response Surface Methodology (RSM)
Optimization of the Selected Parameters Using CCD
The following experiments were carried out to study the parameters in such a range so that reasonable percentage biosorption of chromium would be achieved within that range. From the results of preliminary experimental runs, the four parameters (pH, initial chromium concentration, biosorbent dosage and temperature of the aqueous solution) have been identified as the potential parameters for the percentage biosorption of chromium. A summary of the independent parameters and their range and levels were presented in Table 2 . 
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OALib Journal Figure 6 . Effect of temperature on chromium biosorption. A 2 4 -factorial central composite experimental design, with eight axial points (α = 4 ) and six replications at the center points (n o = 6) leading to a total number of 30 experiments (Table 3) was employed for the optimization of the parameters. The calculated regression equation for the optimization of medium constituents showed that percentage removal of chromium (Y) was function of the pH (X 1 ), initial chromium concentration (X 2 ), biosorption dosage (X 3 ) and temperature (X 4 ).
Multiple regression analysis of the experimental data resulted in the following equation for the biosorption of chromium: 
The predicted percentage biosorption of chromium resulted from Equation (3) are in close agreement with the experimental values as evident from last column of Table 3 . For quadratic models, the optimum point can be characterized as maximum, minimum, or saddle. The coefficients of the regression model were calculated and listed in Table 4 . They contain one block term, four linear, four quadratic and six interaction terms. The significance of each coefficient was determined by student's t-test and p-values and listed in Table 4 . The larger the magnitude of the t-value and smaller the p-value, the more significant was the corresponding coefficient. This implies that all the linear terms (pH, initial concentration, biosorbent dosage and temperature) and quadratic effects of pH, initial concentration, biosorbent dosage and temperature were highly significant as is evident from their respective p-values. The interaction effects of pH and initial concentration, pH and biosorbent dosage, pH and temperature, biosorbent dosage and temperature were found to be significant (p ≤ 0.05). The remaining two interaction effects i.e. initial concentration and biosorbent dosage, initial concentration and temperature were found to be insignificant (p > 0.05) which are presented in Table 4 .
The parity plot ( Figure 7) showed a satisfactory correlation between the experimental and predicted values for the percentage removal of chromium indicating good agreement of model data with the experimental data. The results of the sum of squares of response surface model, fitting in the form of ANOVA were shown in Table 5 . The Fisher variance ratio, the F-value (= The greater the F-value above unity, it is more certain that the factors adequately explain the variation in the data about its mean, and the estimated factor effects are real. The ANOVA of the regression model demonstrated that the model was highly significant, as is evident from the Fisher's F-test (F model = 671.1476) and a very low probability value (P model > F = 0.000000).
The correlation coefficient (R 2 ) provides a measure of the models variability in the observed response values. The closer the R 2 value to 1, the stronger the model is and it predicts the response better. In this present study, the value of the correlation coefficient (R 2 = 0.989) indicated that 98.90% of the variability in the response could be explained by the model. In addition, the value of the adjusted correlation coefficient (adj It is evident that experimental values of % biosorption are in close agreement with that values predicted by Central Composite Design. Experiments are conducted in triplicate with the above predicted optimal set of conditions and the % biosorption of chromium is 85.49%, which is closer to the predicted % biosorption.
The experimental and predicted % biosorption of chromium at the optimum levels of process parameters were shown in Table 6 .
Kinetic Studies
The biosorption kinetics is one of the most important data in order to understand the mechanism of biosorption and to assess the performance of the biosorbents [18] . The pseudo-first order, second order and intra-particle diffusion kinetic models were used to analyze the data of Cr (VI) ions biosorption on to Gracilaria corticata powder.
Pseudo-First-Order Kinetic Model
The pseudo first order kinetic equation can be expressed as:
where "q e " is the amount of solute adsorbed at equilibrium per unit mass of adsorbent (mg•g −1 ), "q t " is the amount of solute adsorbed at any given time "t" and "k 1 " is the rate constant. By using the boundary conditions and simplifying, the Equation (4) 
"k 1 " can be calculated from the slope of the linear plot between ( ) ln e t− vs. "t" for different adsorption parameters such as pH, temperature, adsorbate concentration, adsorbent dose, particle size and agitation speed. Figure 9 shows a plot of ( ) log e t− vs. t for biosorption of chromium using pseudo-first order kinetic model. The values of pseudo-first-order rate constants (K) and equilibrium biosorption capacities (q e ) were calculated from slopes and intercepts of straight lines. The values of pseudo-first-order equation parameters together with correlation coefficient are given in Table 7 . The correlation coefficient obtained was 0.98, which is indicative of a good correlation and calculated q e (1.305 mg/g) determined from the model is not in a good agreement with the experimental q e (3.54 mg/g).
Therefore, the pseudo-first-order model is not suitable for modeling the biosorption of chromium on to Gracilaria corticata powder. Figure 9 . Pseudo first order kinetics for chromium biosorption. 
Pseudo-Second-Order Kinetic Model
The pseudo second order equation can be shown as:
On integration for boundary conditions when t = 0 to t > 0 and q t = 0 to q t > 0 and further simplifications, Equation (6) 
where 2 2 e h k q = is known as initial adsorption rate and "k 2 " is rate constant. Figure 10 shows typical plot of pseudo-second-order equation for chromium biosorption on to Gracilaria corticata powder. A plot is drawn between t/q t vs. t. The straight lines in plot show good agreement with the pseudo-second-order kinetic model. The values of pseudo-second-order equation parameters together with correlation coefficient are listed in Table 8 .
The correlation coefficient (R 2 ) for the pseudo-second-order equation was found to be 0.99. The calculated q e value also agrees with the experimental data. This strongly suggests that the biosorption of chromium on to Gracilaria corticata powder was most appropriately represented by a pseudo-second-order rate process [19] .
Intra-Particle Diffusion Kinetic Model
The equation for intra-particle diffusion kinetic model is given as follows Figure 10 . Pseudo second order kinetics for chromium biosorption. 
On integrating the Equation ( The plot between q t and t 1/2 gives the values of coefficient of intra-particle diffusion (k id ) for different adsorption parameters ( Table 9) . The relationship between q t and t 0.5
was not linear over whole time range, indicating that there are several processes affecting the adsorption. The initial curved portion of the plot is attributed to boundary layer diffusion effects. The curved portion represents intra-particle diffusion controlled by the rate constant k d (Figure 11 ).
Isotherm Models
The mechanism for the interaction of chromium on the biosorbent site is based on the biosorption isotherms [20] . The biosorption isotherms are characterized by definite parameters, whose values express the surface properties and affinity of biosorbent for heavy metal ions adsorption [21] . Out of several isotherm equations, three have been applied for this study, Freundlich, Langmuir and Redlich-Peterson. In the present study, these models were tested and the various isotherms are presented in Figures 12-14 . Figure 11 . Intra-particle diffusion model for chromium biosorption. The parameters of Freundlich, Langmuir and Redlich-Peterson isotherms are given in Table 10 . The Langmuir monolayer capacity was estimated to be 4.98 mg/g. The results indicated that all models fit the data well.
Thermodynamic Parameters
A plot of log (q e /C e ) versus (1/T) was found to be linear ( Figure 15) and the thermo-
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OALib Journal Table 10 . Isotherm model constants for chromium biosorption. dynamic parameters were calculated and tabulated in Table 11 . One can see that the ΔH values are positive, indicating the endothermic nature of the adsorption process. Positive values of ΔS suggest the increased randomness at the solid-solution interface. Negative values of ΔG confirm the biosorption process is spontaneous, which becomes more negative with an increase in temperature. This indicates that a higher adsorption is actually occurred at higher temperatures [22] and at higher temperature, ions are readily desolvated and thereby their adsorption becomes more favorable [23] . arising from group such as lactone, quinine and carboxylic acids.
Characterization of Gracilaria corticata
The band at 1624.12 cm −1 denotes the asymmetric and symmetric stretching COOvibrations or the skeletal C=C aromatic vibrations, some bands in the fingerprint region could be attributed to the phosphate groups. Asymmetric and symmetric stretching vibration of ionic carboxylic groups (-COO-), appear at 1417. Gracilaria corticata powder before and after biosorption, it is seen from Table 12 that biosorption bands shifted to higher values. These shifts may be attributed to the changes in counter ions associated with carboxylate and hydroxylate anions. This indicates that the main contributors in metal uptake may be acidic groups, carboxyl and hydroxyl group. These changes in FTIR spectra of biosorbents have also been observed in other biosorption using marine algae as biosorbents [24] - [27] .
X-Ray Diffraction for Gracilaria corticata Powder
The XRD pattern of untreated Gracilaria corticata powder is shown in Figure 17 (a) and XRD patterns of chromium treated Gracilaria corticata algae powder is shown in Figure   17 (b). This shows that they have unaltered structures due to biosorption of chromium. 
SEM Analysis for Untreated and Treated Gracilaria corticata Powder
The surface morphology of Gracilaria corticata powder was explained by scanning electron microscopy (SEM) the corresponding SEM micrographs being obtained using at an accelerating voltage of 12 kV (Hitachi SE 900) at 5000× magnification. At such magnification, the Gracilaria corticata powder showed rough areas of surface on which micro pores were clearly identifiable in Figure 18 (a). This structural feature may be important since it increases the total surface area [28] . The structure of treated Gracilaria corticata powder is shown in Figure 18 (b) and indicates a change of structure and had a tendency to form agglomerates [29] . The differences in the fracture surface clearly confirm the presence of the molecules on the waste biomass (Table 13 ).
Conclusions
Both experimental and theoretical studies are carried out for equilibrium, kinetics and thermodynamic parameters of chromium biosorption from aqueous solutions by Gracilaria corticata powder. The analysis of the experimental and theoretical data, results in OALib Journal Aspergillus flavus [30] 0.335
Clodophara crispate (green algae) [31] 6.2
Rhizopus arrhizus [32] 5.1 Spirogyra sp. (green algae) [33] 14.7
Pilayella littoralis (brown algae) [34] 4.68
Cystoseira indica (brown algae) [35] 17.8
Gracilaria corticata (red algae)
4.982 the following conclusions:
1) The biosorption of chromium onto Gracilaria cortiata is spontaneous.
2) Percentage removal of chromium from the aqueous solution increases significantly from 69.12% to 76.14% with an increase in pH from 1 to 4. Thereafter percentage removal decreases for further increase in pH.
3) The percentage removal is increased from 56.23% to 89.37% as chromium initial concentration is decreased from 150 to 5 mg/L.
4) The use of statistical experimental design to optimize process conditions for maximal biosorption of chromium from aqueous solution using CCD involving RSM at the end of 240 min biosorption was involved in the present study. When the processing parameters are set as: pH = 3.827, C 0 = 19.35 mg/L, w = 20.22 g/L, and T = 306.02 K, the maximum biosorption of chromium (85.39%) onto Gracilaria corticata powder was observed.
5) The Freundlich and Langmuir adsorption models were used for the mathematical description of the biosorption of chromium and the isotherms constants were evaluated to compare the biosorptive capacity of Gracilaria corticata powder. The maximum monolayer coverage capacity of Gracilaria corticata powder for chromium ions is 4.982 mg/g.
6) The kinetic studies show that the biosorption of chromium is better described by pseudo second order kinetics.
7) The adsorption mechanism explained by Weber and Morris equation concludes that intra-particle diffusion model is not the rate limiting step.
8) The positive values of enthalpy change (∆H) indicated an endothermic and irreversible process.
